Zebrafish are valuable model organisms for the study of human single-gene disorders: 25 they are genetically manipulable, their development is well understood, and mutant 26 lines with measurable, disease-appropriate phenotypic abnormalities can be used for 27 high throughput drug screening approaches. However, gene duplication events in 28 zebrafish can result in redundancy of gene function, masking loss of function 29 phenotypes and thus confounding this approach to disease modelling. Furthermore, 30 recent studies have yielded contrasting results depending on whether specific genes 31 are targeted using genome editing to make mutant lines, or whether morpholinos are 32 used (morphants). De novo missense mutations in the human gene EEF1A2, 33 encoding a tissue-specific translation elongation factor, cause severe 34 neurodevelopmental disorders; there is a real need for a model system in which to 35 study these disorders and we wanted to explore the possibility of a zebrafish model. 36 We identified four eef1a genes and examined their developmental and tissue-specific 37 expression patterns: eef1a1l1 is first to be expressed whilst eef1a2 is only detected 38 later during development. We then determined the effects of introducing null mutations 39 into eEF1A2 in zebrafish using CRISPR/Cas9 gene editing, in order to compare the 40 results with previously described morphants, and with the severe neurodegenerative 41 lethal phenotype of eEF1A2-null mice. In contrast with both earlier analysis in 42 zebrafish using morpholinos and with the mouse eEF1A2-null mice, disruption of the 43 eef1a2 gene in zebrafish is compatible with normal lifespan. The resulting lines, 44 however, may provide a valuable platform for studying the effects of expression of 45 mutant human eEF1A2 mRNA.
Introduction 47 eEF1A in zebrafish. In fact, it was first reported that only one eEF1A gene, which 115 appeared to be developmentally regulated, was present in the zebrafish genome (Gao 116 et al., 1997) . In addition, a gene identified as eef1a has been shown to be an essential 117 gene required for early embryonic development in zebrafish (Amsterdam et al, 2004) . 118 More recently, Cao et al. 2017 reported that knockdown of eef1a2 with morpholinos 119 resulted in small head, cardiac failure and skeletal muscle weakness at 2 days post 120 7 fertilisation (dpf). Together these results would suggest that mutation of any eef1a 121 gene in zebrafish is lethal. 122 The complete sequence of the zebrafish genome is now available. Using this resource, 123 we have identified and characterised the expression pattern of four eef1a genes; 124 eef1a1l1, eef1a1a, eef1a1b and eef1a2, during development and in different adult 125 tissues. We show eef1a1l1 to be the embryonic form being the first to be expressed 126 while eef1a2 is the 'adult' form, detected later on during development. We went on to 127 generate eef1a2 null zebrafish using CRISPR-Cas9 gene editing and show in contrast 128 with earlier analysis based on morpholinos, that disruption of the eef1a2 gene is 129 compatible with normal function in zebrafish. 133 Zebrafish of the AB strain were used for all experiments. They were maintained in the 134 MRC Human Genetics Unit (HGU) zebrafish facility at the University of Edinburgh 135 according to standard procedures (Westerfield, 2000) . Embryos were raised at 28. 
Materials and Methods

132
Zebrafish husbandry and embryos and adult tissues collection
Expression vector construction and HEK293T cell line transfection 201
Total RNA and full-length cDNA were prepared from whole adult fish as described 202 above. The zebrafish eef1a cDNAs were cloned into the destination vector, transfection mix (400 µl) was added to each well and mixed by rocking the plate gently.
216
Cells were incubated at 37 °C in a CO2 incubator for 24 hours, after which they were 217 analysed for transgene expression.
218
Protein analysis 219 Protein lysates from adult zebrafish tissues and transfected HEK293T cells were 220 prepared using RIPA lysing buffer with EDTA-free protease inhibitor (Roche). greatly expanded compared to the compact introns of eef1a1l1 (Fig.1a ). The zebrafish 307 eef1a genes shared high sequence similarity at the nucleotide level within the coding 308 region and also at the amino acid level, with eef1a1a and eef1a1b being particularly 309 closely related (Fig. 1b) 
310
The phylogenetic relationships of the four zebrafish Eef1a protein sequences and 311 those from other vertebrate species were analysed using the maximum likelihood 312 method (Fig. 1c ). The phylogenetic tree obtained from this analysis showed both 313 Eef1a1a and Eef1a1b to fall into the eEF1A1 clade while the zebrafish Eef1a2 314 segregated with eEF1A2 from the other vertebrates. In contrast, Eef1a1l1 did not 315 cluster with any of the well-supported clades but appears to possess sequence 316 features similar to both eEF1A1 and eEF1A2.
317
Alignment of the protein sequences of eEF1A protein sequences from zebrafish, 318 mouse and human using Clustal omega (Fig. 2) and similar amino acid residues are indicated by black and grey backgrounds. Red asterisks (*) indicate 338 some of the clinically important human eEF1A2 mutations, each of which involves residues that are 339 completely conserved in the four zebrafish eEF1A isoforms (de Ligt et al., 2012; Nakajima et al., 2014;  340 Veeramah et al., 2014; Inui et al., 2016; Lam et al., 2016; Lopes et al., 2016) .
342
Expression of eef1a genes during development and adult tissue 343 The expression of each zebrafish eef1a gene was analysed at each of twelve different 344 developmental stages; 1-cell, 2-cell, 4-cell, 8-cell, 16-cell, 256-cell, high, 50%-epiboly, 345 90%-epiboly, 24 hours post-fertilisation (hpf), 48 hpf and 72 hpf stages (Fig. 3a) . Only 346 eef1a1l1 transcripts were detected at all the stages examined. Expression of eef1a1a 347 and eef1a1b transcripts were detected at the 24 hpf, 48 hpf and 72 hpf developmental 348 stages. The zebrafish eef1a2 gene was the last to be expressed, being detected only 349 at 48 and 72 hpf (Fig. 3b) . 350 We used RT-PCR to examine the expression of the zebrafish eef1a genes in adult 351 tissues using total RNA extracted from brain, muscle, spleen, testis, intestine, liver and 352 ovary (Fig. 3c) . Three of the zebrafish eef1a genes, eef1a1l1, eef1a1a and eef1a1b 353 were readily detected in all the tissues examined. Expression of zebrafish eef1a2 was 354 detected in brain, muscle, spleen, testis and ovary tissues but was only just detectable 355 in the intestine. No eef1a2 expression was seen in the liver. Using qPCR, we then 356 analysed the level of expression for each eef1a gene in the brain, muscle and liver 357 (Fig. 3d) . The expression level of eef1a1l1 was significantly higher in liver than in brain 358 (p<0.01) and muscle (p < 0.05). Similar expression were seen for eef1a1a, eef1a1b 359 and eef1a2 with brain showing the highest level, followed by muscle and liver. The 360 relative amount of the four eef1a transcripts in these tissues were calculated (Fig. 3e) .
361
In general, the most abundant transcript was that of eef1a1l1 with approximately 362 23 7,980, 7,830 and 240-fold higher overall expression ratios than eef1a1a, eef1a1b and 363 eef1a2 respectively. While the relative amount of all the eef1a transcripts was similar 364 in brain, eef1a1l1 showed the highest value in muscle (1,040, 1,280 and 490-fold 365 higher than eef1a1a, eef1a1b and eef1a2 respectively) and liver (22,900 and 22,200-366 fold higher in eef1a1a and eef1a1b respectively) tissues. The relative amount of 367 eef1a2 transcripts in muscle was approximately two and three-fold higher than that of 368 eef1a1a and eef1a1b respectively, both of which showed similar amounts in all three 369 tissues examined.
370
Validation of commercially available eEF1A2 antibody 371
To investigate whether the eef1a mRNAs detected are translated into stable proteins 372 we needed to identify a suitable antibody. Three commercially available antibodies 373 against Eef1a2 were tested on protein lysates from adult zebrafish brain, liver and 374 muscle tissues. The Genetex and Proteintech anti-eEF1A2 antibodies detected a band 375 in liver (data not shown) in spite of the absence of Eef1a2 at the mRNA level (Fig. 3 c   376 and d). However, an antibody from Abcam detected a band only in lysates from adult 377 zebrafish brain and not in liver, consistent with our qRT-PCR data for Eef1a2 (Fig. 3f ).
378
This antibody was then used to test a range of other adult tissues: muscle, spinal cord, 379 intestine, ovary and heart. Interestingly, expression was only detected in spinal cord 380 and not muscle, in contrast to our RT-PCR results (data not shown).
381
Since the interpretation of results using this antibody could be complicated by the 382 presence of other Eef1a paralogues, we carried out an antibody validation test. GFP- transfected with GFP-tagged Eef1a1a, Eef1a1b and Eef1a2 (Fig. 3g ), suggesting that 387 this antibody cross-reacts with other Eef1a paralogues. CRISPR/Cas9 generated Eef1a2-null zebrafish survive to adulthood 403 We next sought to investigate the effect of loss of Eef1a2 in zebrafish using the 404 CRISPR/Cas9 system. We wanted to establish whether zebrafish, like mice, undergo were analysed on the Agilent 2100 Bioanalyser which showed several distinct 415 mutations at the target site were present in these fish (supplementary figure 1) . In 416 order to establish stable null mutant lines, F1 embryos were obtained from one of the 417 mosaic putative founders outcrossed with wild-type fish. These embryos were then 418 26 raised to adulthood and three mutant alleles, a 12 base pair deletion, a 4 base pair 419 insertion and a 2 base pair deletion, were recovered (Fig. 4a ). The 4 base pair insertion 420 (hereafter referred to as Ins4) and 2 base pair deletion (hereafter referred to as Del2) 421 were chosen for further analysis since they were each predicted to give rise to 422 frameshifts resulting in premature stop codons (Fig. 4a ). Heterozygous F1 zebrafish 423 carrying the same mutations were then intercrossed and the embryos raised to 424 adulthood. Interestingly, homozygous Ins4 and Del2 fish survived to adulthood with no 425 obvious phenotypic differences from their wild type siblings, and were fertile (Fig. 4b) .
427
Expression analysis shows reduced eef1a2 transcripts in Ins4 and Del2 lines 428 We then went on to investigate the effect of the mutant alleles in each of the Ins4 and Del2 lines compared to their wild type siblings using each of the different sets of 437 primers (Fig. 4c) . Approximately 81% and 92% reduction in the levels of eef1a2 Other eef1as mRNA remained unchanged in Ins4 and Del2 lines 461 We next quantified the mRNA level of the other zebrafish eef1a genes in order to 462 address both whether the lack of phenotype was a result of a compensatory 463 mechanism from the other genes and also whether any off-target effect involving 464 homologous eef1a genes had occurred. The results obtained showed no significant 465 change in the mRNA level of any of the other eef1a genes in the brain of adult 466 28 homozygous Ins4 and Del2 fish ( Fig. 4e ), suggesting that they were unaffected by the 467 CRISPR/Cas9 targeting of eef1a2, and also that no compensatory mechanism had 468 occurred, at least at the mRNA level. 
